The pharmacological effects of Bothrops neuwiedi pauloensis venom on mouse phrenic nerve-diaphragm (PND) preparations were studied. Venom (20 µg/ml) irreversibly inhibited indirectly evoked twitches in PND preparations (60 ± 10% inhibition, mean ± SEM; p<0.05; n=6). At 50 µg/ml, the venom blocked indirectly and directly (curarized preparations) evoked twitches in mouse hemidiaphragms. In the absence of Ca 2+ , venom (50 µg/ml), produced partial blockade only after an 80 min incubation, which reached 40.3 ± 7.8% (p<0.05; n=3) after 120 min. Venom (20 µg/ml) increased (25 ± 2%, p<0.05) the frequency of giant miniature end-plate potentials in 9 of 10 end-plates after 30 min and the number of miniature end-plate potentials which was maximum (562 ± 3%, p<0.05) after 120 min. During the same period, the resting membrane potential decreased from -81 ± 1.4 mV to -41.3 ± 3.6 mV 24 fibers; p<0.01; n=4) in the end-plate region and from -77.4 ± 1.4 to -44.6 ± 3.9 mV (24 fibers; p<0.01; n=4) in regions distant from the end-plate. These results indicate that B. n. pauloensis venom acts primarily at presynaptic sites. They also suggest that enzymatic activity may be involved in this pharmacological action.
INTRODUCTION
According to the Brazilian Ministry of Health, from 1990 to 1993, bites by Bothrops spp. accounted for 90.5% of the accidents involving snakes in which the genus was known or suspected and for about 70% venomous snakebites in Brazil (14) . The main complications in lethal cases are acute renal failure, shock, acute respiratory failure, and sepsis (2, 5, 6, 15) . In some cases, respiratory failure has been associated with pulmonary edema (15) . Although Bothrops venoms do not produce signs of neurotoxicity after snakebite, in recent years venoms of several Bothrops species, including B. jararacussu (17) , B. insularis (8, 9) , B. neuwiedi (3, 4, 21, 22) , and B. pirajai (10) have been found to affect neuromuscular transmission in avian and mammalian isolated nerve-muscle preparations and in chick in vivo.
B. neuwiedi venom caused head-drop, loss of balance and respiratory failure in chicks in vivo, and inhibited twitch-tension response in biventer cervicis preparations, without decreasing responses to acetylcholine or KCl, all of which suggested a presynaptic action (21) . More recently, Borja-Oliveira et al. (3) investigated the neurotoxicity of several lots of B. neuwiedi venoms in biventer cervicis and observed that not all lots exhibited neurotoxicity in vitro. B. n. pauloensis venom neurotoxicity in these preparations is temperature-dependent (4). In this work, the initial observations on neuromuscular action of B. n. pauloensis venom in chick preparations were extended using myographic and electrophysiological techniques in mouse nervemuscle preparations.
MATERIALS AND METHODS

Venom and reagents
B. n. pauloensis venom, collected from snakes caught in São Paulo State, was provided by the Instituto Butantan (São Paulo, SP, Brazil). D-tubocurarine chloride was from Abbot Laboratórios do Brasil Ltda and neostigmine methylsulfate from Roche (Basel, Switzerland).
Mouse phrenic nerve-diaphragm preparation
Adult male Swiss white mice (28-35 g) were supplied by the University Animal House. Phrenic nerve and diaphragm were obtained from mice anesthetized with chloral hydrate (300 mg/kg, IP) and sacrificed by exsanguination. Nerve-muscle and 120 min after the addition of venom (20 µg/ml) and were recorded on a Gould RS 3400. The resting potential was measured at or distant from the end-plate regions.
Statistical analysis
Each experiment was repeated at least three times. The results were expressed as mean ± S.E.M. Student's t-test was used for statistical analysis of data. Values of p < 0.05 were considered significant. 
RESULTS
Venom effect on indirectly and directly stimulated mouse diaphragm
B. n. pauloensis venom (20-100 µg/ml) produced concentration-dependent neuromuscular blockade in indirectly stimulated mouse nerve-muscle preparation (Table 1 and Figure 1 ). At 20 µg/ml, the venom produced 60 ± 10% blockade (p<0.05; n = 6) after 120 min ( Figure 1A , B); a concentration of 50 µg/ml or 100 µg/ml caused complete twitch-tension blockade ( Figure 1A , C, D). In the absence of Ca 2+ , venom (50 µg/ml), produced partial blockade only after an 80 min incubation, which MEPPs with large amplitude (>1.2 mV) during 120 min incubation, which was not observed in control experiments ( Figure 6 ). B. neuwiedi venom neuromuscular activity has been the subject of previous reports.
Soares et al. (21) described the effect of the venom and an isolated component, a Lys49 myotoxic phospholipase A 2 homolog, on chick biventer cervicis preparations, in which inhibition of twitch-tension and KCl-induced contractures was observed. 
